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Discovery Technology

Within the space of only a few years, fragment-based drug
design (FBDD) has emerged as an efficient and productive
route for de novo drug discovery. Using tailored sets of
chemical fragments, FBDD is delivering high-quality drug
leads against a multiplicity of new therapeutic targets in
the pharmaceutical sector. FBDD is also a promising
starting point for chemical probe design for rapid
validation of molecular targets in drug discovery. Applying
FBDD as a chemical biology tool is a powerful way for
biotechnology companies to add a pharmaceutical
dimension to their discovery programmes. In this
overview of the FBDD approach, we review FBDD and its
emerging role in design-led discovery biology.

THE FBDD APPROACH
Genome sequencing and expression analysis have
enabled the identification of a plethora of new proteins
and signalling pathways which drug discoverers are
systematically triaging for tractable molecular targets.

With validated targets in hand, chemists and structural
biologists can collaborate to explore existing and novel
areas of chemical space (1), in the search for potent and
selective drug-like compounds.

Fragment-based drug design is a recent addition to the
drug design armamentarium (2). Unlike in silico virtual
screening, it is based upon the experimental
determination of the mode of binding small chemical
fragments at a binding site. Repeated visualisation of
binding mode rationalises SAR, allowing very efficient
lead optimisation through structure-informed design. 

High-throughput screening (HTS) of pre-existing
compounds in a variety of pharmacological assays is still the
most widely used approach to hit discovery. However,
experience suggests that half of all HTS screens fail to deliver
appropriate chemical starting points for new discovery
programmes. This is as much due to the nature of the
chemical input as the discovery process – the non drug-like
compounds present in many chemical archives, historically
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assembled by random combinatorial chemistry approaches,
often yield leads which cannot be optimised into
development candidates (3). Re-engineering failing
compounds can be time-consuming and unproductive. It is
usually more efficient to start discovery from scratch,
creating new target-focused libraries of ‘lead-like’
compounds which can be more readily optimised. 

Moreover, not every target may be ‘druggable’ in the
conventional sense (4). Within this wider context,
structure-based drug design (SBDD) approaches have an
important role to play, for which FBDD strategies have
emerged as a powerful ally, capable of addressing both the
routine (5) as well as more challenging targets, such as
allosteric (6) and protein-protein interactions (7).

Access to a simple process for lead discovery,
applicable across a range of biological targets, is an
important way to capture commercial value intrinsic to
new targets, especially for biotech companies and
academic laboratories. FBDD delivers such a process.

FBDD deploys relatively small libraries of low molecular
weight ‘fragments’, which are tested for binding affinity
against the target of interest. Hit fragments are then either
incrementally modified into more potent, selective
molecules, or synthetically combined to develop SAR
around new scaffolds. These two approaches to the FBDD
process are shown in simplified form in Figure 1.

Higher hit rates are observed in fragment screening
compared with HTS, since small fragments can sample
‘recognition space’ within targets more efficiently than
larger, more complex molecules which may have
restricted access to the same sites. Fragment hit rates can
also provide a useful predictor of drug discovery success.
FBDD hits also produce more predictable outcomes for
optimisation than do HTS hits.

Small fragments can be elaborated in many ways to
cover a huge area of chemical space, thereby favouring
novelty in the resulting structures. Thus, in FBDD it is
not necessary to screen the hundreds of thousands of
structures often run through HTS assays to obtain an
initial ‘hit’. Instead, a typical fragment screen may
explore less than 2,000 well-chosen fragments, although
larger libraries may be needed to explore defined target
spaces more comprehensively (8,9). 

STEPS IN THE FBDD PROCESS
The FBDD process is shown schematically in Figure 2. 

FBDD Library Provision
The first step in the FBDD process is the generation of a
suitable Fragment Library. Libraries of fragments in use
range from focused sets of 500 or so fragments, largely used
for X-ray studies, to much more substantial generic
screening sets of around 10,000-20,000, with a norm of

2,000 to 5,000 (see, for example,
(10), largely used for biochemical
and biophysical screening purposes.
Fragments, being small entities,
have low potency for most targets,
and therefore have to be screened at
high concentrations. It is therefore
essential that they are soluble and
free from inappropriate toxicities.

To promote lead-like properties
in the final leads derived from them,
fragments usually comply with the
‘Rule of 3’ (Ro3, 11). To fulfil Ro3
requirements, fragments should
have molecular weights of less than
300, cLogP less than three, and
contain not more than three
hydrogen bond donors and three
acceptors. However, it is often more
relevant to apply a limit on the
heavy atom count in the fragments
rather than a molecular weight
limit, since some synthetic handles
such as halides will dramatically
increase the molecular weight of a
fragment and these groups will not
be present in derived lead
compounds. An IOTA survey of
lead-like, commercially available
compounds (see Figure 3, page 
20) shows that a relatively small
proportion of available chemicals
typically fulfil these requirements. 

There is considerable debate
about the optimal molecular weight
for fragments within the perfect
FBDD screening library. As
fragments become smaller, their
statistical likelihood of showing
binding to features within any site
becomes higher, although their
binding efficiencies may diminish
dramatically. The concept of ‘ligand efficiency’ has been
introduced as an aid in fragment and lead prioritisation
(12). Ligand efficiency (LE) can be regarded as the average
binding energy per atom or per mass unit of the structure.
Despite typically weak binding, fragments can be selected to
show high LEs, both at the start of and during the FBDD
process, in sharp contrast to their counterparts found in
HTS collections. High-LE fragments are therefore favoured
as starting points in lead discovery campaigns.

In the same way that HTS files can be enriched for
specific entities by virtual screening (13), FBDD libraries
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Figure 1: Schematic overview of two 
complementary FBDD approaches

Figure 2: FBDD – the process
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